ABSTRACT Coexistence of competitors may result if resources are sufÞciently abundant to render competition unimportant, or if species differ in resource requirements. Detritus type has been shown to affect interspeciÞc competitive outcomes between Aedes albopictus (Skuse) and Aedes aegypti (L.) larvae under controlled conditions. We assessed the relationships among spatial distributions of detritus types, nutrients, and aquatic larvae of these species in nature. We collected mosquitoes, water, and detritus from artiÞcial containers across 24 Florida cemeteries that varied in relative abundances of Ae. aegypti and Ae. albopictus. We measured nutrient content of Þne particulate organic matter in water samples as total N, P, and C and ratios of these nutrients. We quantiÞed food availability via a bioassay, raising individual Aedes larvae in the laboratory in standard volumes of Þeld-collected, particulate-containing water from each cemetery. Quantities of detritus types collected in standard containers were signiÞcant predictors of nutrients and nutrient ratios. Nutrient abundances were signiÞcant predictors of relative abundance of Ae. aegypti, and of larval survival and development by both species in the bioassay. Survival and development of larvae reared in particulate-containing water from sites decreased with decreasing relative abundance of Ae. aegypti. These data suggest that N, P, and C availabilities are determined by detritus inputs to containers and that these nutrients in turn determine the feeding environment encountered by larvae, the intensity of interspeciÞc competition among larvae, and subsequent relative abundances of species at sites. Detritus inputs, nutrients, and food availability thus seem to contribute to distributions of Ae. aegypti and Ae. albopictus in cemetery containers throughout Florida.
Distributions and abundances of species occupying similar niches can be determined by spatial variation in the effects of interspeciÞc resource competition (Tilman 1982, Chase and Leibold 2003) . Two competing species may coexist if the effects of interspeciÞc competition are less severe than intraspeciÞc effects (Chesson 2000) , a situation that can arise when competitors make differential use of more than one resource (Tilman 1982 , Grover 1997 . In contrast, if effects of interspeciÞc competition are more severe than intraspeciÞc effects, or if one species is more strongly affected by interspeciÞc competition than the other, competitive exclusion of one species is may occur (Grover 1997, Vandermeer and Goldberg 2003) . Although controlled studies of effects of resources on the outcomes of interspeciÞc competition (reviewed by Grover 1997) and Þeld studies of effects of habitat heterogeneity on speciesÕ distributions (Schumacher and Parrish 2005 , Ayala et al. 2007 , Menzel and Nebeker 2008 have both been done, few studies have attempted to link the results of laboratory experiments on resource effects on competition directly to patterns of species distributions and coexistence in the Þeld. Establishing such a link would be particularly important when the competitors in question are medically important mosquitoes.
In many ecosystems, including container habitats dominated by medically important mosquitoes, the majority of energy and essential nutrients pass through detritus pathways (OÕNeill and Reichle 1980; Walker et al. 1991; Moore et al. 2004a,b; Yee and Juliano 2006) . Despite this, there has been relatively little investigation of how the types of detritus entering a system, and detritus nutrient composition (e.g., C, N, and P) may affect competition and community structure in detritus-based communities (Yee et al. 2007 ). In terrestrial systems, the effects of essential nutrient composition of the soil on the outcome of competition among plants is well understood theoretically (Grover 1997) and empirically Tilman and Wedin 1991a,b) . The resulting community composition of plants may in turn determine the community assemblages of higher trophic levels (Hunter and Price 1992, Haddad et al. 2001) . In contrast, in aquatic systems, where detritus forms the base of a food web, essential nutrients are transferred from nonliving matter en-tering the system to microbial communities (Moore et al. 2004a ). Microorganisms in turn are the food of animal consumers such as mosquito larvae (Merritt et al. 1992 , Walker et al. 1996 . Differences in essential nutrient composition of the detritus may affect the nutrient composition of the microbial community (Cross et al. 2003 , Moore et al. 2004b , which ultimately may have effects on interspeciÞc competition at higher trophic levels in detritus food chains (Yee et al. 2007 ) and biodiversity of assemblages of detritivores (Moore et al. 2004a,b) .
If detritus composition can affect competitive outcomes among higher trophic levels in detritus food webs, then spatial or temporal heterogeneity in detritus inputsÑ containing different combinations of essential nutrientsÑmay produce spatial or temporal variation in speciesÕ distributions (Moore et al. 2004b , Greenwood et al. 2007 , Greico et al. 2007 ). This effect creates the possibility of coexistence of competitors under some conditions and competitive exclusion under others (Yee et al. 2007) . To demonstrate that differences in detritus compositions can affect nutrient environments in ways that affect distribution and abundance of detritivorous species, it must be shown that 1) interspeciÞc competition of detritivorous species can be altered by changing the detrital environment, 2) nutritional value of microbial communities is altered by changing the detrital environment, 3) both detritus inputs and microorganism nutrient composition vary in nature in ways that can affect detritivores, and 4) nutrient composition can be used to predict spatial or temporal distribution of detritivores in nature.
The role of detritus composition in interspeciÞc resource competition among detritivores may be important for understanding the distributions of competing larval mosquitoes Aedes aegypti (L.) and Aedes albopictus (Skuse). Both species are important vectors of human disease and are problem invasive species in much of the world (Lounibos 2002; Braks et al. 2003 Braks et al. , 2004 Juliano 2009 ). Ae. aegypti was introduced into the Americas in the 17th century (Christophers 1960; Lounibos 2002) . Ae. albopictus was introduced into North America in the 1980s (Hawley 1988) and has since spread widely in the southeastern United States (Lounibos 2002) . In Florida, invasion by Ae. albopictus has coincided with local declines and some local extinctions of Ae. aegypti (OÕMeara et al. 1995) , but the two species coexist in other areas of the state, and still other locations have not been successfully invaded by Ae. albopictus (OÕMeara et al. 1995; Juliano et al. 2004 ). This pattern of exclusion or coexistence suggests environmentally induced variation in the outcome of interspeciÞc competition. Patterns of coexistence or exclusion are correlated with climate (Juliano et al. 2002) and land use (Braks et al. 2003 , Rey et al. 2006 .
InterspeciÞc competition between Ae. aegypti and Ae. albopictus larvae is well studied and is likely to be an important inßuence on their distribution and abundance. These species share similar life histories, cooccur in water-Þlled artiÞcial containers such as tires or cemetery vases (OÕMeara et al. 1995; Juliano et al. 2002 Juliano et al. , 2004 , and feed primarily on Þne particulate organic matter (FPOM) by Þlter feeding and browsing surfaces (Merritt et al. 1992 , Walker et al. 1996 . Microorganisms that are dependent on nutrients in detritus are a major food source (Merritt et al. 1992 , Walker et al. 1996 . Effects of competition among larvae on survival, growth, and development are readily detectable at typical densities in nature (Juliano 1998 , Braks et al. 2004 . In laboratory experiments using natural detritus resources (e.g., plants, invertebrate carcasses), larval Ae. albopictus are usually superior competitors (Barrera 1996 , Juliano 1998 , Daugherty et al. 2000 , Costanzo et al. 2005 , Murrell and Juliano 2008 , Leisnham and Juliano 2010 , but this superiority can be altered by detritus type (Barrera 1996 , Daugherty et al. 2000 , Murrell and Juliano 2008 , Juliano 2009 ).
Different types of detritus often differ in nutrient composition (Palik et al. 2006 ) so that different detritus types are expected to support different quantities of microorganisms (Yee and Juliano 2006) and to favor different microbial taxa with different nutrient composition (Moore et al. 2004a) . Detritus types that decay more rapidly contain lower C:N and C:P ratios than slower decaying detritus (Enriquez et al. 1993) , suggesting that detrital stoichiometry contributes to heterogeneity of microbial communities. Such differences probably affect individual and population growth, and species composition of FPOM consumers such as these container Aedes.
Container Aedes larvae raised with animal detritus or with rapidly decaying plant detritus develop faster and grow larger than do larvae raised with slowly decaying plant detritus (Fish and Carpenter 1982 , Barrera 1996 , Daugherty et al. 2000 , Dieng et al. 2002 , Yee and Juliano 2006 , Yee et al. 2007 ). The presence of high-quality detritus types alters the intensity of interspeciÞc competition, shifting the outcome from competitive asymmetry and competitive exclusion to low interspeciÞc competition and possible stable coexistence (reviewed by Juliano 2009). For Ae. albopictus competing with Ae. aegypti, grass clippings as a detritus source yielded no signiÞcant effect of interspeciÞc densities on the two competitors (Murrell and Juliano 2008) . Similarly, additions of relatively small amounts of insect carcasses resulted in reductions of the intensity of interspeciÞc competition between Ae. albopictus and Ae. aegypti (Daugherty et al. 2000) . Ratios of leaf and animal detritus also alter the outcome of competition between Ae. albopictus and a native mosquito Aedes triseriatus Say (Yee et al. 2007) . What remains unknown is whether natural spatial variation in abundances of detritus types affects container community composition in nature, and if so, whether variation in availability of essential nutrients in detritus and associated microorganisms is the basis for detritus-dependent outcomes of competition.
We propose three hypotheses that link the relative abundances of Aedes species across sites to resource availability. First, we hypothesize that this nutrient heterogeneity is driven primarily by differences in detritus input among sites. Second, we hypothesize that heterogeneity in nutrient ratios across sites determines relative abundances of Aedes species at those sites. Third, we hypothesize that sites with greater relative abundance of Ae. aegypti will have greater abundance or higher quality microbial food. These hypotheses yield several predictions that we test by using Þeld and laboratory data. 1) Sites with more rapidly decaying detritus will have FPOM with lower C:N and C:P ratios than sites with slow-decaying detritus. 2) Sites with FPOM with lower C:N and C:P will be associated with greater relative abundance of the poorer competitor Ae. aegypti. 3) Sites with greater relative abundance of Ae. aegypti will have greater survivorship and faster development of both Aedes species when they are reared on a standard volume of water and FPOM from such sites.
Materials and Methods
Sampling Mosquitoes. Between 3 June and 10 August 2006, we sampled 24 cemeteries in southern Florida ( Fig. 1) that each had at least eight vases containing live Ae. aegypti or Ae. albopictus larvae. Among the 24 sites, six yielded only Ae. aegypti larvae, eight yielded only Ae. albopictus larvae, and 10 yielded both species (Fig. 1) , with Ae. aegypti relative abundance at coexistence sites ranging from 0.22 to 0.89 (see Results) . Six of these sites (three with both species, three with Ae. albopictus only) were the used in past Þeld experiments that showed signiÞcant effects of resource competition among larvae at natural densities . Our estimates of Aedes species compositions at these cemeteries are consistent with published data (OÕMeara et al. 1995 , Juliano et al. 2002 . Aedes aegypti-only sites are less common than are Ae. albopictus-only, or coexistence sites; hence, our sample sizes for site types probably do not reßect the frequencies of site types.
Mosquito larvae and water were collected from 8 to 12 preexisting ("extant") vases per cemetery. Larvae from each vase were counted and identiÞed to species. Water within the vase was stirred and then passed through a 106-m sieve to remove larvae and large detritus. A portion of this water was used for the in-laboratory bioassay of food availability (see Bioassay); the remaining water samples were bottled by individual vase, stored at Ϫ60ЊC and assayed for N, C, and P in associated FPOM (see Nutrients). All collections and experiments for this paper complied with the current laws of the United States of America.
Because extant cemetery vases varied in age, size, and shape, we sampled detritus inputs by setting out new ("standard") green plastic vases (mouth and base 10 and 5.5 cm in diameter, respectively; depth, 22.5 cm) placed inside or adjacent to each extant vase from which we collected larvae and water. Each standard vase was Þlled with 0.5 liter of water and allowed to collect detritus for 10 Ð12 d, a sufÞcient time for both animal and plant detritus to accumulate, but not sufÞcient for complete decay of soft plant or animal detritus. We then collected detritus from the standard vases and sorted it into six types: coniferous, deciduous, herbaceous, animal, unidentiÞed particulate matter (Ͼ106 m in size), and other (primarily ßower buds of undetermined origin). We dried (at 60ЊC for Ն48 h) and weighed all detritus samples. No water samples or mosquito larvae were collected from the standard vases.
Bioassay. We quantiÞed food availability and quality for detritivores via bioassays measuring growth and development of a single Aedes larva when given a standard allotment of water and FPOM under standard conditions. A similar approach was used as a bioassay for food availability and quantity associated with solid detritus (Palik et al. 2006) . Our bioassay was designed to quantify average food availability of the FPOM for each of the 24 cemeteries we sampled. We conducted this bioassay at the Florida Medical Entomology Laboratory in Vero Beach, FL, by using the newly collected water samples from each cemetery. Because we did not have enough water to conduct replicated bioassays for each individual vase, we instead pooled 50 Ð70-ml samples of water from 7 to 10 randomly chosen sieved water samples per cemetery, creating a single aggregate sample for each cemetery. The aggregate sample was used to create three food treatments determined by the volume of water from the aggregate used to rear one larva in a 25-ml vial. Treatments were 20, 10, and 5 ml of aggregate water, with distilled water added to the 10-and 5-ml treatments to bring total volume to 20 ml. Thus, for each cemetery, availability of edible FPOM for Aedes larvae is reduced to 50 and 25% for the 10-and 5-ml treatments, respectively. Bioassay larvae of Ae. aegypti or Ae. albopictus were from laboratory colonies at Florida Medical Entomology Laboratory, Vero Beach, FL. These colonies originated from Þeld-collected individuals from multiple sites in Florida and have been maintained in the laboratory for multiple generations, with supplemental additions of Þeld-collected mosquitoes. One Þrst instar larva was added to each vial within 48 h of collecting the water. There were Þve replicates per species-volume treatment for each cemetery for a total of 30 individuals per cemetery. Larvae were hatched by submerging eggs in nutrient broth 24 h before the experiment. Larvae were reared in these containers at room temperature (25Ð28ЊC), and ambient summer photoperiod, for 14 d. Developmental stage (ÞrstÐ fourth-instar larva, pupa, or adult) and survival of each individual were recorded daily.
Nutrients. Frozen water samples from the cemeteries were thawed, mixed thoroughly, and divided in half. Each half was separately vacuum-Þltered through a 0.7-m glass Þber Þlter to collect FPOM between 0.7 and 106 m. One set of glass Þber Þlters was processed by acid-persulfate digestion (APHA 1998 ) and analyzed using a Lambda 35 UV/VIS spectrometer to determine total nitrate nitrogen (N-NO 3 ) and total phosphorus (P-PO 4 ). These values, along with the volume Þltered per sample, were used to calculate N and P concentrations for each water sample.
The second set of glass Þber Þlters was dried at 100ЊC for 24 h, weighed, and ashed at 540ЊC for 6 h. Ash residue was weighed and organic content of each sample determined by subtraction from dry weight. These values, along with the volume Þltered per sample, were used to calculate organic matter concentrations for each water sample. N concentration was then subtracted from the organic concentration to estimate C concentration for each sample.
Statistical Analyses for Hypothesis 1: Nutrient Heterogeneity Is Driven Primarily by Differences in Detritus Input. To assess the effect of detritus types on concentrations of nutrients, we used transformed (log abundance ϩ 1) of detritus types per vase as independent variables to predict log-transformed concentrations of C, N, and P in FPOM per vase by using stepwise linear regression. Because of the log-log scaling, this regression is a suitable test if ratios of certain detritus types are predictors of nutrient concentrations. We also used stepwise linear regression to test the log-transformed detritus abundances as predictors of log-transformed ratios of C:N, N:P, and C:P per individual vase.
Statistical Analyses for Hypothesis 2: Heterogeneity in Nutrient Ratios Across Sites Determines Relative Abundances of Aedes Species. We analyzed median amounts of C, N, and P as predictors of proportion Ae. aegypti by using stepwise multiple logistic regression to determine whether total abundance of these nutrients is related to community composition. Because these two species were the only mosquito larvae we collected, the relative abundance of Ae. albopictus would simply be 1 Ϫ (proportion Ae. aegypti); hence, analysis of relative abundance of Ae. albopictus would be redundant. We also tested multiple logistic regression of proportion Ae. aegypti versus log 10 of C, N, and P. By using log-logÐscaled nutrient abundances we can test whether ratios of C, N, and P are related to proportion Ae. aegypti. All logistic regressions were conducted at two spatial scales: individual vase and cemetery. For the cemetery analysis, we used log 10 of median C, N, and P. Although larval competition occurs at the vase level, it is also important to address distributions of these species at the cemetery level, because individual adult females may oviposit in multiple containers, and because local populations are not conÞned to individual vases but rather are maintained in an area by the set of vases at a suitable site. The analyses at the cemetery level also enable us to compare these data directly to those from the bioassay, which was conducted at the cemetery level due to limited water volume per vase.
Effects of cemetery and vase type (plastic, metal, stone, glass) on median C, N, P, and Aedes density also were analyzed by factorial analysis of variance (ANOVA; PROC GLM, SAS 9.1).
Statistical Analyses for Hypothesis 3: Sites With Greater Relative Abundance of Ae. aegypti Will Have Greater Abundance or Higher Quality Microbial Food. For the bioassay, we tested effects of species, FPOM availability, and proportion Ae. aegypti found at each cemetery on developmental time to third instar and time to larval death by using failure-time analysis (PROC LIFEREG, SAS 9.1; Fox 2001). We chose larval death and third instar because these two states were best represented across all treatments. Our hypothesis 3 predicts that time to death should increase and time to third instar should decrease with volume of FPOMbearing water and with proportion of Ae. aegypti. As a test of whether Aedes larvae originally present in the extant vases could deplete measurable food availability, we used failure-time analysis to test the effects of mean Aedes density at each cemetery on times to death and the third instar. For this analysis, if food availability in the water sample had been depleted by high abundances of foraging Aedes in the original samples, we expect that time to death and time to the third instar for individual larvae in the bioassay should be negatively and positively related, respectively, to mean Aedes density in the original sample. Finally, we tested the effects of median C, N, P, and amounts of detritus types at each cemetery on time to third instar and to death, again using failure-time analyses.
Results
Hypothesis 1: Nutrient Heterogeneity is Driven Primarily by Differences in Detritus Input Among Sites. Of all detritus types, only the relative abundance of "other" detritus was signiÞcantly and negatively correlated with the C:P and N:P ratios, and signiÞcantly and positively correlated with P abundance (Table 1) . Coniferous and animal detritus showed negative trends as predictors of C:P, deciduous detritus showed a positive trend as a predictor of C abundance, and coniferous detritus showed a positive trend as a pre-dictor of P abundance. Vase type was strongly associated with cemetery site, and after taking into account effects of site on nutrient concentrations, there was no signiÞcant effect of vase type on nutrient concentrations (P ϭ 0.8692).
Hypothesis 2: Heterogeneity in Nutrient Ratios Across Sites Determines Relative Abundances of Aedes Species. Both median concentrations and logtransformed median concentrations of nutrients were signiÞcant predictors of proportion Ae. aegypti across sites, and yielded similar R 2 and concordance (a measure of the predictive accuracy of the model; SAS Institute 1990) ( Table 2) . Proportions of Ae. aegypti increased with concentrations of both N and P (Fig.  2AÐC ) but decreased with concentration of C ( Fig. 2A  and C) . For the log-scaled analysis, this pattern suggests maximal Ae. aegypti relative abundance at sites with a low C:N ratio, and to a lesser degree, a low C:P ratio. Concordance and R 2 values for regressions versus nutrients were higher than for regressions versus detritus types (Tables 1 and 2 ). Concordance and R 2 values for regression versus nutrients were also much higher at the cemetery level than at the vase level (Table 2) , although the direct of the relationships between nutrients and proportion Ae. aegypti were consistent at both levels. Nutrient amounts were not signiÞcant predictors of mean Aedes density per site (P ϭ 0.0627), and only N abundance was a signiÞcant, and positive, predictor of Aedes abundance per vase (P ϭ 0.0220).
Hypothesis 3: Sites With Greater Relative Abundance of Ae. aegypti Will Have Greater Abundance or Higher Quality Microbial Food. For the bioassay, volume of FPOM-bearing water was negatively related with time to third instar (P Ͻ 0.0001, Fig. 3 ) and positively related with time to death (P Ͻ 0.0001) for both species (Fig. 4A and B) . There was a signiÞcant species effect on time to death, with Ae. albopictus living signiÞcantly longer (Fig. 4A) than Ae. aegypti (Fig. 4B ), but no signiÞcant species effect for time to third instar. Species ϫ volume interaction effect on time to death approached signiÞcance (P ϭ 0.0531), with Ae. albopictus showing somewhat longer survival times than Ae. aegypti at high-volume treatments. Cemeteries with greater proportion Ae. aegypti and greater total Aedes density yielded FPOM-bearing water more favorable for mosquito growth (i.e., positively related to time to death and negatively related to time to third instar; P Ͻ 0.0001 in all cases). Some detritus types and nutrient amounts were also significant predictors of bioassay performance (Tables 3  and 4 ). Greater N and greater herbaceous detritus were consistently favorable for mosquito growth, shortening time to third instar and prolonging time to death. Greater animal detritus at a site was consistently unfavorable for mosquito growth, prolonging time to third instar and shortening time to death.
Discussion Hypothesis 1: Nutrient Heterogeneity is Driven Primarily by Differences in Detritus Input Among Sites.
Of all the detritus categories we tested, only "other" detritus was a signiÞcant predictor of measured nutrients ratios in suspended FPOM. This detritus category consisted mostly of fallen ßower buds from various plants. However, several other detritus categories, although not individually signiÞcant, were contributors to the signiÞcant overall stepwise regression model. This weak relationship between nutrients and detritus may arise because they were collected from extant and adjacent standard vases, respectively. Larval densities varied tremendously among vases, and Table shows the log 10 detritus abundances as predictors of log 10 ratios of nutrients, and log 10 abundances of nutrients within each individual vase (n ϭ 205). Only nutrients and nutrient ratios with signiÞcant P values are shown. Values of signiÞcant contributors to the models are in bold. Analyses at both the individual vase and cemetery level are shown. the differential effects of larvae feeding on nutrients in the extant vases may have caused nutrient values in those vases to differ from the nutrients that may be found within the newly collected detritus from standard vases, with limited colonization by Aedes. The unidentiÞed particulate detritus category was one of the best predictors of speciesÕ relative abundances and food availability in the bioassay, but it was also the most enigmatic variable in that its origin and composition are unknown. Under the microscope, this particulate detritus seems to be a mixture of soil and small particles of animal and plant material. These particles may be products of lawn mowing at the sites, or possibly particles from polystyrene ßoristsÕ blocks used in cemetery vases, but the precise origin of this category could not be determined. It also followed a trend opposite to all other categories of detritus, as its increase predicted lower proportions of Ae. aegypti and poorer bioassay performance. This suggests that it is a nutrient-poor detritus type. A nearly signiÞcant (P ϭ 0.0533) negative linear regression of P in suspended FPOM versus unidentiÞed particulate detritus is consistent with this interpretation. Thus, greater amounts of this unidentiÞed Þne detritus may affect species relative abundances by favoring the species with better ability to survive on poor-quality resources (i.e., Ae. albopictus).
Hypothesis 2: Heterogeneity in Nutrient Ratios Across Sites Determines Different Relative Abundances of Aedes Species. The nutrient composition of suspended FPOM was a signiÞcant predictor of Aedes composition for both individual vases and for sites. FPOM suspended in the water column is an important food source for Aedes species and includes bacteria, other microorganisms, and Þne particulate detritus (Merritt et al. 1992 ). Although our study design did not enable us to control or to analyze nutrients at all three trophic levels (i.e., in macroscopic detritus, suspended FPOM, and larvae), our nutrient analyses of suspended FPOM yielded signiÞcant prediction of species composition. Nutrient analysis of detritus substrates in future competition experiments could provide a better understanding of how key nutrients, independent of variation in detritus type, may affect the outcome of resource competition.
The difference in R 2 values between the cemetery and vase level could be due to at least two factors. First, our sampling period for each vase (10 d) was short in relation to the total length of the study (9 wk). This short sampling period may not account for natural variation at the vase level in detritus deposition and larval densities at the time of collection. Second, the detritus data were collected from our standard vases, whereas larva and nutrient data were collected from extant vases. Although the use of standard vases was necessary to obtain comparable sampling of detritus types across all locations, our method nevertheless introduced another level of variation that may have increased the stochasticity of the data. However, the relationship between nutrient composition and Aedes composition was consistent at both the vase and the cemetery levels, and the predictive power of the cemetery analyses was much greater than the vase analyses (Table 2) . Beyond these statistical considerations, species composition within a single vase is not the relevant observation for understanding population level persistence and coexistence of mosquitoes. Populations of mosquitoes, particularly container mosquitoes, exist as cohorts of larvae distributed among many small water bodies, and mobile adults that may originate and oviposit in multiple larval development sites. As such it is more likely that the aggregate sample from a large site (i.e., a cemetery) indicates the relative abundances of multiple speciesÕ populations and that variation among individual containers at a site represents within-population stochasticity.
Hypothesis 3: Sites With Greater Relative Abundance of Ae. aegypti Will Have Greater Abundance or Higher Quality Microbial Food. The performance of individuals in the bioassay clearly indicates that FPOM-bearing water from sites where Ae. aegypti (typically the poorer competitor) is abundant provides better nutrition to mosquito larvae of both species than does FPOM-bearing water from predominantly Ae. albopictus sites. The positive relationship between nutrient concentrations, particularly N, and bioassay performance (Table 4) suggests that nutrition of these Aedes larvae is primarily N limited. Fur- thermore, greater total Aedes abundance at cemeteries predicts greater performance in the bioassay, and greater N is a signiÞcant predictor of greater Aedes abundance within a vase. These results suggest that food availability and nutrient abundance in this system are not determined by depletion of resources by foraging larva. If that were so, greater total Aedes abundance at collection should have been negatively related to N and to performance in the bioassay. These results suggest, instead, that the nutrient abundances and edible FPOM availability and quality are determined primarily by quantity and quality of detritus inputs to these small aquatic systems, rather than by consumption. This pattern of donor control seems to be common in detritus-based systems (Moore et al. 2004a) .
Of all the factors we tested, nutrient abundances (particularly N) were the best predictor of Aedes relative abundances across cemeteries. C, the second best predictor of speciesÕ relative abundance, had a negative effect on performance and predicted lower proportions of Ae. aegypti. Because C was 100ϫ more abundant than N or P, its abundance relative to other nutrients may lead to lower food quality in containers with a high C:N ratio, forcing mosquito larvae to feed more vigorously to obtain adequate N, or to be deprived of N when they feed to satiation. Neither nutrients nor detritus amounts provided good prediction of total Aedes abundance for a site, suggesting that the primary effects of nutrients and detritus are to shift speciesÕ relative abundances within the community, rather than to modify total abundance of Aedes supported.
Detritus amounts showed complex signiÞcant predictive relationships to bioassay performance. Coniferous and herbaceous detritus were consistently associated with faster development time (Table 3) . Although neither of these detritus types were significant predictors of nutrients, coniferous detritus was consistently associated with high phosphorus and low C:P ratios, and herbaceous detritus was associated with low carbon and low C:P ratios (Table 1) . Previous studies have demonstrated that mosquito larva development improves with increasing amounts of phosphorus Walton 2006, Kaufman et al. 2002) and nitrogen (Kaufman et al. 2002) , and decreasing C:P ratios (Peck and Walton 2005) . Therefore, the relationship between these detritus types and both nutrients and bioassay performance is consistent with our predictions, and with previous published data.
Contrary to the other detritus types, animal detritus was associated with poorer survival and longer development time. Mean animal detritus per cemetery was 0.0039 Ϯ 0.0014 g; however, of the six cemeteries with the highest amounts of animal detritus, Þve cemeteries had less than the mean amount of total detritus (0.2454 Ϯ 0.0528 g). Therefore, the performance of larvae in the bioassay may not be determined by amount of animal detritus per se, but rather the association, in some cemeteries, of large amounts of animal detritus with low total amounts of detritus. No other detritus type had a similar negative association with total amounts of detritus.
Alternative Hypotheses. It is evident in our study sites (Fig. 1) and from previous studies (OÕMeara et al. 1995) that Ae. aegypti and Ae. albopictus distributions in Florida follow a distinct geographic pattern. Ae. aegypti is now found predominantly in southern urban/coastal regions, whereas Ae. albopictus is predominant in northern inland/rural regions. Thus the question arises: are detritus types and resource competition the primary determinant of Aedes abundances? Or is detritus composition merely correlated with other factors, such as oviposition behavior, climate, or land use, which are the primary determinants of species distributions? Sampling of natural communities, even with analysis of resource abundance and quality, is unlikely to answer this question. The hypotheses that detritus affects Aedes abundances, and that behavior, land use, and climate affect Aedes abundances are not mutually exclusive. We consider several alternative hypotheses here, although our list is not exhaustive.
Oviposition behavior of female mosquitoes is sometimes cited as a possible determinant of speciesÕ distributions. Other mosquito genera, such as Culex and Culiseta, will actively avoid ovipositing in containers with predators (Blaustein 1998, Eitam and Blaustein 2004) , and ovipositing Aedes are sensitive to bacterial abundances and presence of conspeciÞcs in containers (Edgerly et al. 1998, Bentley and Day 1989) . However, most research indicates that mosquito oviposition is not deterred by the presence of interspeciÞc competitors per se (e.g., Stav et al. 1999) . Thus, even if oviposition choice is driving speciesÕ distributions, this behavior should directly correlate with nutrient availability across sites (and subsequent larval performance). Furthermore, Ae. aegypti was abundant in rural, inland Florida before the introduction of Ae. albopictus (OÕMeara et al. 1995) , which is inconsistent with the hypothesis that Ae. aegypti simply avoids ovipositing in rural, inland, or low nutrient areas.
A recent study on Ae. albopictus (Obenauer et al. 2010) showed that this species oviposits preferentially in containers with different detritus types, laying more eggs in oak (Quercus spp.) infusion and oakÐpine (Pinus spp.) infusion containers than in grass infusion or control (water only) containers. No similar study has yet been conducted on Ae. aegypti; however, if Aedes species do show oviposition preferences for different detritus types, this could cause the differences in relative abundances that we have observed. This hypothesis is not inconsistent with our results, because such oviposition behavior is probably driven by the mosquitoes seeking suitable nutrient conditions for their larvae, and avoiding harmful volatiles, when choosing a habitat for oviposition (Obenauer et al. 2010) .
Climatic differences, due either to urbanization or coastal effects, are a more plausible alternative hypothesis for Aedes distributions (Juliano et al. 2002 , Lounibos et al. 2010 ). Our previous lab study (Murrell and Juliano 2008) , yielded evidence that differences in detritus resources can switch competitive outcomes from an Ae.
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albopictus advantage to minimal competitive effects and probably coexistence; however, we have not identiÞed a resource environment in which Ae. aegypti became the dominant competitor. However, there is at least one study that has shown Ae. aegypti can be superior in competition with Ae. albopictus when climate (speciÞ-cally, habitat drying and desiccation) affects eggs and adults (Costanzo et al. 2005) . Results from Costanzo et al. (2005) and the current study suggests that detritus does affect speciesÕ abundances but is probably only one of several factors affecting speciesÕ distributions in Florida. We hypothesize that, in areas of low larval resource availability or quality, larval competition is the primary factor that determines speciesÕ abundances (thus giving the competitive advantage to Ae. albopictus). However, as quantity or quality of resources for larvae increase, larval competitive asymmetry may be reduced or eliminated, and ecological impacts on adults or eggs then determine speciesÕ distributions and abundances, potentially giving Ae. aegypti the competitive advantage under some circumstances (Costanzo et al. 2005) . The data in the current study are consistent with this hypothesis; however, because this investigation focused only on larvae, we cannot test this alternative hypothesis in this paper.
In summary, previous laboratory investigations showed that high-quality, rapidly decaying detritus reduces or eliminates competitive effects between Ae. aegypti and Ae. albopictus (Daugherty et al. 2000 , Murrell and Juliano 2008 , Juliano 2009 ). An earlier Þeld study at some of these same cemeteries showed that competition between these species was strong at typical densities . In the present paper, we have demonstrated a relationship between detritus and nutrient content of FPOM, and the strong predictive ability of detritus amounts and nutrient concentrations for speciesÕ relative abundances across sites and vases. Thus, we Þnd support for the hypotheses that 1) spatial variation in detritus inputs determines nutrient availability and 2) different nutrient environments alter competitive outcomes in nature and thus may account for spatial patterns distributions of these Aedes in Florida. Investigations of this mosquito system have therefore linked Þeld studies of effects of habitat heterogeneity on speciesÕ distributions (Schumacher and Parrish 2005 , Ayala et al. 2007 , Menzel and Nebeker 2008 to investigations of the role of nutrient availability in food resources in competitive interactions (Grover 1997) . Further research is necessary to show how variation in resource availability interacts with oviposition behavior, land use, and other environmental factors to produce observed distributions of Ae. albopictus and Ae. aegypti in Florida.
